INTRODUCTION
Antimicrobial therapy of bacterial pericarditis with or without surgical drainage has successfully cured this infection, often lethal in the preantibiotic era (1) . Information on the entry of antibiotics and other substances into the pericardial sac is scarce. Stewart, Crane, Dietrick injected phenolsulfonphthalein and vital red intravenously and failed to recover these dyes in the pericardial fluid of a patient with tuberculous pericarditis (2) . Ory, Meads, Brown, Wilcox, and Finland (3) demonstrated penicillin -in the pericardial fluid after intramuscular administration in a patient with streptococcal purulent pericarditis. Wolfe, Lepper, Caldwell, Spies, and Dowling (4) reported pericardial chlortetracycline levels to be 5-200% that of serum in two patients. Geraci and buried under the skin. After 7 days, the dogs were anesthetized in a similar manner and the pericardial catheters were re-exposed through a small skin incision. The pericardial fluid was removed and the pericardial sac washed once with 75-100 ml of sterile isotonic saline. The catheter was clamped after the reinjection of 75-100 ml of saline into the pericardial space. After 1 h, 10 ml of blood was drawn and simultaneously 10 vein. All samples from pericardial fluid at 0 and 6 h were blood-tinged and contained less than 2.5 g of protein/100 ml. The serum of the dogs before and, at 6 h after the administration of antibiotics had creatinine levels from 1.0 to 1.7 mg/100 ml. To produce infection in the pericardial fluid, 2 ml of S. aureus 502A suspension (containing 106 colony-forming U/ml) were instilled into the pericardial sac 1 wk after the placement of the pericardial catheter. The experimental animals became ill by the third to the fifth day after the introduction of the bacteria. On the seventh day, antibiotics were administered and samples were obtained from the blood and pericardial fluid as described in the preceding paragraph. Two animals were infected and studied for each antibiotic. The pericardial fluid removed before the instillation of saline had a packed red cell volume of 2.0-3.0/100 ml, and 45,000-374,000 leukocytes/mm' with 70-80o neutrophils, and the protein content was between 5 and 6 g/100 ml. Culture of this fluid yielded S. aureus. The fluid from the pericardial space obtained 6 h after antibiotic instillation yielded concentrations of 3.0-3.6 g/100 ml. Tissues obtained from the pericardium of an animal showed diffused polymorphonuclear leukocyte infiltration of the pericardial fat and gram-positive cocci.
Antibiotics. The following antibiotics were given intramuscularly to dogs: 15 The samples from patients M. B., C. T., and W. L. were assayed by the two-fold tube dilution method with Bacillus subtilis as the test organism (8) . The samples obtained from G. W. were assayed with agar diffusion technique (7).
RESULTS

Animals with noninfected pericardium
Four animals were used for each drug study. Figs. 1-5 present the results of the individual serum and pericardial fluid antibiotic levels as well as the geometric mean concentrations. The pericardial fluid to serum ratio (P/S)' during the first 4 h of study is shown in Table   I .
Penicillin G. (Fig. 1 , Table I ). The mean peak serum level was reached at 30 min and that of the pericardial fluid at 2 h after penicillin G administration. During the 1Abbreviation used in this paper: P/S, pericardial fluidto-serum ratio. Methicillin. (Fig. 2 , Table I ). At 30 min, the mean peak serum level was achieved, and that of pericardial fluid at 2 h. P/S was 0.31 at 1 h and surpassed 1.00 by 3 h.
Cephaloridine. (Fig. 3, Table I ). At 1 h, the serum and pericardial fluid of two dogs were not available for assay. The peak serum level was attained between 30 min and 1 h. The mean pericardial fluid level peaked at 2 h. Within the first h, P/S was only 0.18, but it exceeded 1.00 at 3 h.
Gentamicin. (Fig. 4 , Table I ). The mean peak serum and pericardial fluid concentration of gentamicin was reached by 1 h. Unlike the other antibiotics tested in this study, gentamicin had a P/S greater than 0.50 within 30 min. As with streptomycin, P/S exceeded 1.00 by 2 h.
Streptomycin. (Fig. 5 , Table I ). Only three animals were studied with this drug. The mean peak level in the serum was achieved at 1 h, and that of the pericardial fluid at 2 h. In spite of the low P/S during the first h, the ratio was greater than 1.00 by 2 h.
Animals with infected pericardial fluid
The antibiotic levels in the serum and infected pericardial fluid are shown in Table II . High antibiotic levels were attained within 30 min to 1 h. Except with cephaloridine, the antibiotic levels in infected pericardial fluid were consistently higher than those in uninfected fluid, hence, there was a higher P/S (Table I) .
Clinical studies (Table III) Three patients were each given 1 million U of penicillin G intramuscularly. W. L., who had normal renal function, had measurable pericardial fluid antibiotic levels within 30 min. At 2 h the pericardial fluid penicillin G concentration was one dilution higher than that On separate occasions, studies of other antibiotics were carried out. W. L. received 625 mg of penicillin V orally. The pericardial levels exceeded the serum levels from 2 h after injection. M. B. was given 250 mg of cephalothin intramuscularly. At 2-5 h, the serum and pericardial cephalothin levels were equal. DISCUSSION All five antibiotics studied in the experimental model readily entered the noninfected and acutely infected pericardial fluid compartment and similar results were demonstrated in the patients after a single dose of antibiotics. In the noninfected pericardial fluid, the peak serum levels at no time were exceeded by those of the pericardial fluid. 2 h after antibiotic administration, the pericardial drug levels approached or exceeded those of the serum (Figs 1-5 and Table I ). The initial lag probably represents the time necessary for the diffusion of the antibiotic across the membrane. The penicillin G and cephaloridine levels in the infected fluid did not exceed the peak serum levels, attained within 30 min. The P/S ratios of methicillin and gentamicin were greater than 1.0 at 30 min. These findings may be due to the attainment of peak serum levels earlier than 30 min, or to a sampling error. The higher P/S found in the infected pericardial fluid may be explained by increased rate of entry secondary to acute inflammation, or by blood leaking into the pericardial cavity.
Studies of penicillin G levels were extended up to 48 h in the two patients with renal failure. Serum and pericardial fluid levels were essentially similar after equilibrium was attained. From the studies of the noninfected pericardial fluid, the results indicate that the entry of the antibiotics into this compartment was by diffusion rather than active transport. As in the studies on uninfected interstitial fluids (14) , the ability of a particular antibiotic to enter the noninfected pericardium appeared to be related to the percentage of antibiotic bound to protein. Penicillin G, which has the highest percentage of protein binding among the five antibiotics studied, was found to have the lowest P/S ratio. In contrast, cephaloridine, streptomycin, and gentamicin, which are less protein-bound, had the higher P/S ratio. This relationship was not observed in the infected pericardium, where the protein content was higher. The antibiotics, except cephaloridine, were observed to enter more readily.
This study shows that measurable levels of antibiotics can be attained in acutely infected and noninfected pericardial fluid after intramuscular drug administration. Attainable penicillin, methicillin, and cephalosporin levels in the serum and pericardial fluid were far above the minimal inhibitory concentration for the growth of majority of gram-positive cocci (staphylococcus, pneumococcus, and streptococcus) (15) . The mean peak gentamicin level after the administration of 1 mg/kg in the infected and uninfected dogs was close to the cut-off point between microbial susceptibility and resistance (5 /ug/ml) (16) . If 1.5-2 mg/kg of gentamicin is given, Antibiotic Levels in Pericardial Fluid higher serum levels can be expected. Streptomycin levels obtained in the infected and uninfected dogs were much higher than those needed to inhibit sensitive strains of Mycobacterium tuberculosis (16) . Serum obtained at least 1-2 h after antibiotic administration contained drug concentrations closely approximating that found in the infected pericardial fluid for all the antibiotics studied. In clinical situations, assay of serum levels of these antibiotics can be used to estimate whether or not the pericardial fluid concentration of the antibiotic is likely to be at a bactericidal level.
